Trachyspermum ammi (L.) and Cuminum cyminum area herbaceous herbs belong to the family of Apiaceae and belonging to the family Apiaceae, are one of the earliest cultivated herbs in Asia, Africa and the Mediterranean countries. They are widely used in foods, beverages, perfume, and pharmaceutical industries. This research was carried out in a randomized complete block design with three replications at Research Station of the Agricultural Research and Education Center of Khorasan Razavi, Iran during 2012-2013. In this experiment, genotypes of Ajwain (27) and Cumin (24) from different parts of the country were collected by the Natural Resources Genes Bank of Iran. This study aims to evaluate the morphological and phenological traits and also to measure essential oil percentage, yield and yield components of herbs for achieving superior germplasms. Seed samples were first cultivated in the greenhouse and then transferred to the field and cultivated in drip irrigation conditions. Studies showed there was a difference among investigated ecotypes of Ajwain and Cumin for following characters including plant height, number of branches, number of umbels, number of umbellate in umbels, biological yield, single plant yield, and for number of secondary branches and oil content at 5% probability level. In Ajwain genotypes, the highest direct positive effect (0.39) on the essential oil yield was observed for the total plant weight, which had a positive and high correlation (r=0.53) with day to maturing stage. The number of branches and number of umbels per plant had the most direct effect on grain yield and essential oil, and therefore were identified as a suitable criterion for determining the production ability of cumin genotypes. As plant biomass has the highest positive direct effect on the yield of essential oil of genotypes, the selection of these traits should be considered with greater attention and emphasis in breeding programs. Cluster analysis and PCA were used for distance between accessions and to emphasize variation and bring out strong patterns in the dataset. The first two components were justified 71% in cumin and 78% of the total changes in variables. Traits of canopy cover, plant height, plant weight and essential oil percentage were the most important traits in cumin. The flowering stage, Seedling stage, 1000 seed weight and essential oil percentage were the important traits of component one in the Ajwain accessions. Cluster 2 contained the accession with the maximum yield of essential oil.
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Intrоduсtiоn
The study of the phenological and morphological characteristics of the medicinal plants has led to a better understanding of the extent and mode of growth and development in different species and ecotypes. Maximum growth rates within any particular stage of fruit growth and secondary metabolites are not similar in early-maturing to late -maturing of ecotypes or cultivars in the whole growth stages. The number of active substances could be done based on this feature (Niazian et al., 2017) . Native species are a potentially important source of genetic variation for the improvement of the cultivated Cumin and Ajwain. A lack of evaluation data for characters of economic importance is one constraint to their use in breeding programmes. Here, variation in selected phenological and agromorphological characters in 24 and 27 accessions of cumin and Ajwain are reported.
a) Ajwain (Trachyspermum ammi L.)
Ajwain, Ajowan, or Trachyspermum ammi with synonyms name as Trachyspermum copticum, Ammi copticum, and Carum copticum -also known as ajowan caraway, oomam in Tamil, ajman, bishop's weed, or carom-is an annual herb in the family of Apiaceae. It is one of the most important and economical medicinal plants with a number of chromosomes 2n = 18, with a height of less than one meter (30-90 cm) that can be found in arid and semi-arid regions of Iran for agriculture in conditions of water scarcity (Dalkani et al., 2011) .
Ajwain is distributed in a different parts of Iran as Baluchestan, Tabriz, Isfahan, between Izeh and Dez at , Shiraz, Baghighin, Makran, Torbat Heydarieh, Alborz mountains and Sistan at altitude 1800-3300 m. The reaction of the ecotypes is different against cold weather and frozen stress. The electrolyte leakage was different among Ajwain ecotypes after exposure to freezing temperatures. Studies have shown at -7.5° C temperature, the survival rate of the two ecotypes of Neishasbor and Torbat Heidariya were reduced to less than 20%, while the survival rate of the Birjand ecotype was about 60% at that temperature. It seems that it is more tolerant to freezing stress than the other ecotypes (Nezami et al., 2013) .
Essential oil of Ajwain ecotypes is 2-4%. The number of chemical compounds in the essential oils has been reported 9 to 17 in different sources (Eblagh et al., 2014) . It has both antioxidant and antimicrobial properties, and hence it can be used as a food preservative. Essential compounds are composed of 9 monoterpenes which include, 7 hydrocarbons (97.1%) and 2 alcohols (2.9%). The major components were thymol, carvacrol, alpha and betapinone and terpinene, and paracymon. The predominant monoterpenes were yterpinene (35%), a-phellandrene (31.4%), ô-carene (19.3%), p -mentha -1,3,8 triene (8.8%), p-cumin-7-ol (2.7%), ß-pinene (1.9%), ß-myrcene (0.4%), cismyrtenol (0.2%) and Ot-pinene (0.3%), some other other compounds (Ghorbanzadeh and Mehrjerdi, 2017) . The percentage of essential oil of the plant is affected by the selection of genotypes and farm management (Ranjan et al., 2011) .
The emergence of phenological stages in each plant results from environmental and genetic factors that have a direct effect on plant performance. Among environmental factors, the temperature has a significant effect on the phenology of plants. In medicinal plants, in addition to economic yield, secondary metabolites are also important. Therefore, in order to achieve the desired yield and the amount of acceptable active ingredients in each plant, it is necessary to record and study the emergence of different growth stages as well as the effective combinations of plants and their changes for quantitative and qualitative production during their growth (Qureshi and Eswar, 2010) .
The Correlation and path analysis were estimated among 28 germplasms for 10 characters in Ajwain (Trachyspermum ammi L.). The results revealed that seed yield was positively and significantly correlated with a number of umbellate plant -1
. Path coefficient analysis revealed that a number of umbellate plant -1 had a maximum positive direct effect on seed yield plant -1 (Mirzahosseini et al., 2017) .
Cumin (Cuminum cyminum L.) is an aromatic herb from the Apicaceae family. Its dried seeds are used as the second most popular spice in the world. It is native to the regions from the eastern Mediterranean to India. In Iran and India, it is commonly known as zireh-e sabz. Turkey is an important producer of cumin but suffers from Fusarium oxysporum f. sp. cumini, F. solani, F. equiseti, M. phaseolina, and Alternaria alternate . Control with Mancozeb gave the highest seed germination (94%) and minimum pre-and postemergence mortality (2.0 and 1.5%, respectively) followed by Captan, Thiram and Carbendazim (Kishor et al., 2000; Özer and Bayraktar, 2015) . It is necessary to study the variation among cumin genotypes probably to find the resistant ecotypes and some superior ones. Cumin seed is a mixture of united and separated mericarps, yellowish green/brown in color, elongated ovoid, and 3-6 mm in length. The surface has five primary ridges alternating with four less distinct secondary ridges bearing numerous short hairs. Some seeds have a short stalk (Sahana et al., 2011) .
49 diverse cumin ecotypes were tested by Mortazavian et al. (2018) under normal and water stress conditions and reported that ecotypes from Maneh (Northern Khorasan), Shahmirzad (Semnan), and Rafsanjan (Kerman) were identified with high yield in water stress condition and as the most favorable candidates for further research in cumin breeding programs. Faravani et. al. / Selcuk J Agr Food Sci, (2018) Somatic chromosome number determined were 2n =14, 20, 12 and 14 respectively. High coefficient of correlation for total chromosome length indicated the presence of a homogenous group. Cluster analysis of karyotype data also showed the similarity between some of the populations (Sheidai et al., 1996) .
The purpose of this research was to study the populations of ecotypes of Cumin and Ajwain which were received from the Iranian Natural Resources Gene Bank Seeds. In addition, this research was aimed to evaluate the phenological, morphological and agronomic characteristics and classify early, late and medium maturity ecotypes of Ajwain (Trachyspermum ammi L.) and Cumin (Cuminum cyminum) as well as an assessment of the essential oils extracted from different ecotypes for both plants.
Materials and Methods
The genotypes of Ajwain (27) and Cumin (24) were received from different parts of Iran and also from the Natural Resources Genes Bank of Iran and planted in the cold green houses at a research farm in Mashhad. Gene banks is a source for the right seed and look into several issues in order to improve levels of germplasm distribution and its utilization, duplication of plant identity, and access to database, for pre-breeding activities. In winter, the collected seeds were sown in the cold greenhouse to have at least 120 seedlings from each plant accessions. The seedlings were transplanted to the farm and planted in the plots 2 x 5 meter with 4 rows for each ecotype in March 2016 (Tables 1,2 ). The experiments were carried out in a randomized plots experimental design with 3 replicates of each treatment. The farm was located in Razavi Khorasan province in Torq station, Mashhad. The study ran for two years in 2016 and 2017.
Irrigation was performed weekly in a dripping manner. The fertilization was done according to the recommended values using 50 kg of urea fertilizer + 150 kg of triple super phosphate per hectare prior to a planting operation. Weed was controlled mechanically by 2-3 times during growth period. At the flowering time in the first and second year, morphological characteristics such as the percentage of settling, stem length, number of stems per plant, and crown growth were measured in this study. The fresh and dry weights were collected and measured for each sample. Seed size, yield components, biomass and grain yield and essential oil percentage were measured in all the cultured germplasm. All phenological stages including stem elongation time, flowering time and seeding time were counted and recorded during the growth period. Essential oils were extracted by hydro distillation method using 30-gram sample and the Clevenger-type apparatus.
Principal components analysis (PCA) was used
The main purpose of the analysis is to summarize the number of variables and reduce the amount of data, so that the attributes that are most diverse and important with the particular task are identified. Statistical analysis including analysis variances, correlation, stepwise regression, PCA and path analysis was performed using SPSS24 and AMOS24 software (Blunch, 2008) . Faravani et. al. / Selcuk J Agr Food Sci, (2018) 32 (3), 482-495
Results and Discussion
The results of analysis of variance showed that there were significant differences (p<0.05) among different measured characters in both species. Phenological traits of stem elongation, number of stem branches, plant height, crown and cover area, flower number, 50% flowering, physiological maturity were difference in the ecotypes of Ajwain and also in Cumin ecotypes. Also showed a diver in yield and yield components, number of umbels, number umbellate in umbels, seed number per umbellate, seed weight per plant, plant biomass weight, 1000-seed weight, essential oil percentage and essential oil yield in the both Ajwain and Cumin ecotypes.
The highest percentage of essential oil of Ajwain reported in various research was 2-4% (Eblagh et al., 2014) but in this research, the range of essential oils varied from 3 to 11.2%, the highest one was collected from the Arak ecotypes.
Ajwain
Ajwain germplasms were significantly difference (p<0.05) for 50% flowering time in 1.5 months, plant biomass 72-245 g/plant, seed yield 38-61.3 g/plant, and essential oil 3.08-11.22%. The 45-day variation in flowering time and 69-day physiologic maturity was found among Ajwain ecotypes, which could be considered in plant breeding programs (Table 3) .
Correlation Analysis of traits in Ajwain
The very significant (p≤0.01) positive correlation of essential oil yield was observed with essential oil percentage, plant weight, grain yield per plant, total plant weight and harvest index. Significantly (p<0.01) Negative and moderate correlations observed between stemming stage, 50% flowering stage, seed setting, physiological maturing, and number of branches with the essential oil percentage. The results are similar with the findings of other researchers for the positive relation of essential oil with plant biomass and seed yield of the plant (Zarezadeh et al., 2007; Niazian et al., 2018) . According to high correlation between grain and oil yields, breeding for these two traits can be consistent in Iranian ecotypes of Ajwain. Oil content percentage in ecotypes from South and Center were more than other parts of Iran (Niazian et al., 2017) .
In this study, the grain yield was positively correlated with 1000-seed weight, a number of days to flowering, and with plant height had a significant negative correlation (r=-0.40) ( Table 4) . While other researchers indicated a positive correlation among grain yield and plant height, number of secondary branches, number of flowering days and number of branches but there was a negative significant correlation with 1000-seed weight (Neghab and Mehrjerdi, 2017) .
Stepwise regression for Ajwain traits
In stepwise regression analysis, the essential oil yields as the dependent variable was checked against other traits. Days to stemming was the first trait to enter the regression model and explained26 % of variations in essential oil yield alone. Traits of plant weight, plant height and days to maturity stage were also entered in the model and explained a total of 55% of the dependent traits (essential oil yield) (Table 5 ). In this study, the grain yield and essential oil had a positive and significant correlation with the biological yield of the plant. This result is in the line with the results of other researchers (Zarezadeh et al., 2007; Niazian et al., 2018) . The analysis shows that there is a high correlation between geographical diversity, environmental conditions, and the percentage of essential oil and chemical changes in Ajwain. So that the content of essential oil such as thymol is high in poor condition and in dry and semiarid conditions, because phenols are less susceptible to non-phenolic compounds, moisture, and deep soil with organic matter (Rahimmalek et al., 2009) .
Path analysis of traits in Ajwain
In path analysis, the essential oil yield was considered as an independent variable and compared with biological yield per plant, plant height, number of days to stem and number of days to physiological treatment as independent variables (Table 6 ). Based on stepwise regression and path analysis, the essential oil yield of each plant was influenced by direct and indirect effects with days to stemming stage, a number of days to physiological maturity, plant height and plant weight. Considering the coefficient of determination (55%), the majority of changes in the essential oil content of the germinated seeds were related to these four traits. The plant weight had the highest direct positive effect (39%) on the essential oil yield, which has a positive and high correlation (r=53%) with the number of days to maturity. Plant height and days to stemming stage had a direct negative effect on the essential oil yield. Indirect effects showed that with increasing plant height and plant weight the essential oil was increased in ecotypes (Table 6 ). Investigations on Apiaceae family show that yield components such as the number of umbel per plant, number of seeds per umbellate and 1000-seed weight are the most important traits for determining the yield (Ranjan et al., 2011) .
The results showed that Ajwain ecotypes have a high variation in different agro morphology characters, and can be a good source for new breed varieties. 
Cluster analysis
The cluster analysis performed on 27 Ajwain accessions and by selecting 14 traits and cutting dendrograms at 8/8 Euclidean distance, showed (Figure 1 ) that the accessions are classified into four groups based on their degree of affinity. The cluster 1 with 10 accession, cluster 2 with 3 accessions, cluster 3 with 10 appendages, and cluster 4 with 4 alternatives were distinguished among the accessions. 3.1.5. Principal components analysis (PCA) Given the existing correlation between the data (Table  4) , the greater the correlation is expected between the variables in Ajwain accessions, the specific values obtained from components 1 to 4 are 38%, 21%, 10%, and 8% respectively (Figure 2 ), which justifies a total of 78% of the total variance of the variables. The first, second and third components with more variance, justify the major changes (Table 7) . The relative values of the specific vector coefficients in the first component showed that the stemming stage, flowering stage, physiological maturity and 1000-seed weight and the essential oil percentage were the most important traits to manage the yield of the essential oil. This component mainly indicates the variables responsible for the phenological variables ( 1 5 2 2 6 1 4 7 4 3 1 4 5 9 3 3 7 4 7 7 1 4 5 9 4 1 4 5 2 5 1 4 4 9 2 3 8 9 2 4 3 8 8 3 1 2 3 1 3 3 8 9 2 9 1 0 8 5 3 7 5 2 9 3 7 4 9 2 3 1 8 3 1 1 5 1 3 0 3 7 2 5 1 2 0 0 5 5 1 5 4 8 4 1 4 5 4 8 3 7 4 8 3 7 8 
Cumin (Cuminum cyminum)
According to the results, there was a significant variation (p<0.05) among the genotypes in terms of traits including phenological (number of planting days to stem length of 41-28 days, 50% flowering 37-57 days and maturity of 92-101 days) and morphological characteristics. The number of stem branches of the genotypes was significantly (p<0.05) different (3.5-5.7). The observed differences in the yield components were: number of umbels per plant 8.7-8.5, number of umbellate in umbel 3-4, seeds in the umbellate 23-13, 1000-seed weight 2.8-4.2 g, total plant biomass as 6-22 g, the seed yield of each plant 2-8 g, the essential oil percentage 0.99-3.11 and the essential oil yield 0.02-0.2 g/plant, which were significant at p<0.05 (Table 8) .
Correlation analysis of traits in Cumin
The essential oil yield had a positive and significant (p<0.01) correlation with essential oil percentage, plant weight, plant height and grain yield per plant. The grain yield was also significantly (p<0.01) correlated with total dry weight of each plant and essential oil yield (p<0.01). The essential oil percentage had a positive and significant (p<0.01) correlation with essential oil yield and 1000 seed weight (Table 9 ). This finding is consistent with the essential oil yield of fennel has a positive and significant(p<0.05) correlation with grain yield, essential oil percentage and percentage of α-pinene, camphine, mirsen, fenchone and camphor components by Safarnejad (2011) . In another research on cumin, the correlation among time to planting and harvest with 1000-seed weight, stem height at flowering stage with 1000-seed weight, 1000-seed weight with percentage of essential oil and grain yield with percentage of essential oil of grain were significantly (p<0.05) positive (Toxopeus and Lubberts, 1999) .
The essential oil yield, which is the economic component of the plant, had a significant (p<0.01) positive correlation with the biological yield of the plant (r=0.72), plant yield (r=0.86), Canopy cover (r=0.49), plant height (r=0.37) and number of umbellate per umbel (Table 8) . On the other hand, plant height had the same correlation with biological yield (r=0.41), essential oil (r=0.44), and crown cover (r=0.43) and grain yield per plant (r=0.33). The essential oil percentage had the same correlation (p<0.01) with umbellate number in plant (r=0.33) and 1000-seed weight (r=0.53). There was a high positive correlation between grain yield and biological yield, and both traits are correlated with essential oil yields. For a high essential oil yield, high vegetative growth plants are needed. Therefore, with this regard to the correlations observed (Table 9) , it can be concluded that to achieve a good yield, plants with good vegetative growth are required for selection in plant breeding program. Faravani et. al. / Selcuk J Agr Food Sci, (2018) 32 (3), 482-495 
Stepwise regression for cumin traits
The results of Stepwise linear regression analysis showed that the plant biomass was the first trait that entered the regression model and explained alone 51% of the variations in essential oil yield (Table 10) . Three more characters were entered to the regression model like 1000-seed weight, Canopy cover and umbellate per umbel and explained 60% of dependent traits (essential oil yield). In other similar studies on cumin, 1000-seed weight, umbel number, seed per umbel and number of stem branches were affected the grain yield and entered in the model (Afshar et al., 2016) .
Path coefficient of Cumin traits
In order to identify the direct and indirect effects of traits on grain yield, path analysis was performed based on the variables entered into the final regression stage. The number of branches and number of umbels per plant had the most direct effect on grain yield and essential oil, and therefore were determined as a suitable criterion for determining the production ability of cumin genotypes.
It can be seen from the results of Table (9), the grain weight per plant has the most direct positive effect on essential oil yield and selection of genotypes with a high biomass can increase essential oil yield. This trait was indirectly influenced by the weight of 1000-seed weight, number of umbellate and canopy cover. Based on the results of Table (11), 72% of the variation of essential oil yield was determined by direct and indirect effects of plant weight. Some of yield components such as number of umbel per plant, number of seeds per umbellate and 1000-seed weight are important for determining yield (Ehsanipour et al., 2013) . Other studies reported by Afshar (2016) that the number of branching stems, the weight of 1000 seed, number of umbels, number of seeds per umbellate, were attributed to the regression model. The most direct effects were the number of umbel per plant (0.7) and 1000-seed weight (0.19). High direct effect of plant biomass on essential yield was also reported by Figueiredo et al (2008) .
Cluster analysis
Cluster analysis of 15 traits with 24 cumin accessions and dendrogram cutting in the Euclidean distance of 6.8. were divided cumin accessions into two groups, so that cluster 1 with 10 accessions and cluster 2 with 14 accessions were distinguished from one another (Figure 3) . Most of the accessions in the central province of Arak. The cluster represented a grouping based on morphological data to some extent consistent with the geographic location of the site of the accessions. The distribution of 24 cumin acres in Figure 4 is based on the two main components. The results are similar to the dendrogram obtained from cluster analysis. Cumin accessions in cluster II (Table  3) , like the 15310 accession of Tehran province, have higher seed yield, essential oil content and yield.
Principal components analysis (PCA)
In the PCA, for the main components of the cumin, 15 traits were used on 24 cumin accessions. The parameters of the analysis were included in the analysis of the specific values, the percentage of variance, and the coefficients of the specific vectors for the main components of cumin were mentioned in Table 12 . In cumin accessions, the specific values from components 1 to 4 were 33%, 14%, 14% and 11% respectively, which justifies 71% of the total variance of variables, respectively. The relationships between traits with first and second components were shown (Figure 4) , which showed that plant height, dry weight of the plant and oil percentage had a more positive and significant effect on the first and second components (Table 12) . Table 9 Correlation coefficients between phenological, morphological traits of yield and yield components of cumin 
Conclusion
As plant biomass has the highest positive direct effect on the yield of Ajwain essential oil and a high negative correlation with days to the stemming stage, the selection of these traits should be considered with greater attention and emphasis in breeding programs. They were determined as suitable criterion and characters in plant breeding to produce the best of Ajwain genotypes.
Traits of plant biomass, number of umbellate in umbel, canopy cover and 1000-seed weight had the most direct effect on the essential oil yield of cumin. They were determined as suitable criterion and characters in plant breeding to produce the best of cumin accessions. Faravani et. al. / Selcuk J Agr Food Sci, (2018) 32 (3), 482-495
The cluster 2 contained with cumin accessions the maximum yield of essential oil. Therefore, in order to study the indigenous Cumin and Ajwain populations as well as the selection of traits, the above results should be carefully considered and emphasized in corrective programs.
This emphasizes that the selection based on plant biomass will be more effective in improving essential oil and seed yield.
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